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STORAGE SYSTEM, A METHOD OF FILE 
DATA BACKUP AND METHOD OF COPYING 

OF FILE DATA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a storage system for 

storing data on hard disk drives. More speci?cally, the 
present invention relates to a storage system for inputting/ 
outputting block-basis data as Well as ?le-basis data. 

2. Description of Related Art 
In the current information-oriented society, With the 

prevalence of inter-corporate electronic commerce by using 
the Internet and inter-corporate links, typically, supply chain 
management, making good use of data is important in 
corporate strategy. 

Storage systems for storing information facilitate IT plat 
forms connection and operation. 

With the explosive increase of data amount, the cost 
required for maintaining and managing storage systems 
increases signi?cantly. 

Corporations tend to gather storage systems and servers 
connected thereto in a data center, apply centraliZed man 
agement of databases such that kinds of servers can access 
to the databases and share data so as to reduce Total Cost of 
OWnership (TCO) by simplifying the operation, mainte 
nance and management of the overall system. 
As a method for alloWing different kinds of servers to 

access storage systems and share the data stored in these 
systems, a Storage Area NetWork (hereinafter abbreviated to 
SAN) is developed. The SAN is the network dedicated to 
storage using ?ber channels, each of Which provides an 
interface connecting a server and a storage system, and a 
sWitch for ?ber channels. The SAN thus makes multipoint 
to-multipoint connections betWeen a plurality of servers and 
a plurality of storage systems. 

Applications to run on servers handle ?le-basis data, 
Whereas storage systems connected to the SAN, typically a 
disk array, operate for block-basis data input and output. 

Thus, When data input/output betWeen a server and a 
storage system is performed, a ?le system on the server 
translates ?le-basis data to block-basis data that is input via 
the SAN to the storage and translates block data output via 
the SAN from the storage to ?le data. 

MeanWhile, NetWork Attached Storage (hereinafter 
abbreviated to NAS) has bercome prevalent as another 
method for alloWing different kinds of servers to access 
storage systems and share the data stored in these systems. 
The NAS has a ?le system Within the storage system, and 

?le-basis data input/output is performed betWeen a server 
and the NAS. The ?le system Within the NAS translates 
?le-basis data to block-basis data that is stored on a hard disk 
drive. 

Thus, the NAS is connected to a Local Area NetWork 
(“LAN”) that is popular as a general netWork for server-to 
server communication. 

As described above, the SAN and NAS become prevalent 
as the means for sharing data. Such an environment as is 
schematiZed in FIG. 2 Where a storage system, typically, a 
disk array system 6, connected to a ?ber channel based 
Storage Area NetWork (FC-SAN) 2 coexists With a NAS 7 
connected to a LAN 3 in a data center. 

While the SAN is the ?ber channel based netWork for 
carrying block-basis data as described above, standardizing 
the procedure for block-basis data input/output betWeen the 
storage system and host servers is by the Internet Protocol 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
(hereinafter abbreviated as “IP”) that is generally used for 
the communication betWeen the host servers 1 via the LAN 
3. In future, an Ethernet based SAN 9 (FIG. 3) is expected 
to become popular. 

In future, such an environment is expected to be What is 
in the topology schematiZed in FIG. 3 Where a disk array 
system 6 and a NAS 7 coexist. 

Since the NAS connected to the LAN 3 may transmit and 
receive a great deal of data to/from the host server 1, the 
increased load on the LAN 3 affects the communication 
betWeen the host servers 1. 

If the Ethernet based SAN 9 becomes prevalent, it is 
conceivable that the NAS 7 be connected to the Ethernet 
based SAN 9 in the topology shoWn in FIG. 3. 
As shoWn in FIGS. 2 and 3, the environment Where the 

disk array system 6 and the NAS 7 coexist in a data center 
is expected to become popular in future, though the topology 
may be in various forms. In such environment Where dif 
ferent types of systems exist separately, system maintenance 
and management Will become complex. 

Because both the disk array system 6 and NAS 7 store 
block-basis data on hard disk drives, it is theoretically 
possible for them to share the drives to store data. HoWever, 
it is dif?cult to share the drives because they Were conven 
tionally separate systems. 
The NAS transmits and receives data to/from other stor 

age systems With the intervention of a ?le system. Conse 
quently, the NAS is sloW data backup and copy speed in 
comparison With storage systems such as disk array systems 
that directly transmit and receive block-basis data betWeen 
them Without the intervention of the ?le systems. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a storage 
system Wherein the total capacity of hard disk drives can be 
used effectively and the management thereof is easy to 
reduce the TCO of the storage system. 
More speci?cally, another object of the present invention 

is to alloW the total capacity of hard disk drives to be used 
effectively and the management thereof is simpli?ed in 
environment Where a storage system for storing block-basis 
data, typically, a disk array system, coexists With a storage 
system for storing ?le-basis data, typically, a NAS. Yet 
another object of the present invention is to provide storage 
systems betWeen Which backing up and copying of ?le-basis 
data is performed at high speed. 

To achieve the above objects, the present invention, in one 
aspect, provides a storage system provided With a plurality 
of hard disk drives for storing data and a means for man 
aging storage areas on the plurality of hard disk drives, 
comprising block data input/output ports, ?le data input/ 
output ports, block data input/output means, ?le data input/ 
output means, and a ?le system for transforming ?le data to 
block data and block data to ?le data. The data input/output 
through one of the block data input/ output ports is Written to 
or read from any area of the storage areas through the 
processing of the block data input/output means and the 
means for managing the storage areas. The data input/ output 
through one of the ?le data input/output ports is Written to 
or read from any area of the storage areas through the 
processing of the ?le data input/output means, the ?le 
system, and the means for managing the storage areas. 
The total space of the storage areas of the storage system 

consists of ?rst storage areas for storing data input/output as 
block data and second storage areas for storing data input/ 
output as ?le data. 
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The storage system further includes a means for parti 
tioning the total space of the storage areas of the storage 
system into the ?rst and second storage areas. 

The means for partitioning includes a means for reallo 
cating some of the ?rst storage areas to be used as the second 
storage areas and a means for reallocating some of the 
second storage areas to be used as the ?rst storage areas. 

Alternatively, the total space of the storage areas of the 
storage system may includes ?rst storage areas for storing 
data input/output as block data, second storage areas for 
storing data input/output as ?le data, and third storage areas 
that do not classi?ed as either of the ?rst and second storage 
areas. 

In this case, the storage system further includes a means 
for partitioning the total space of the storage areas of the 
storage system into the ?rst, second, and third storage areas. 
The means for partitioning includes a means for reallo 

cating some of the third storage areas to be used as the ?rst 
or second storage areas if necessary. 

The maximum number of the ports that the storage system 
has is ?xed, but the number of the block data input/output 
ports and the number of the ?le data input/output ports are 
variable and can be adjusted, provided the maximum num 
ber of the ports is not exceeded. 

In another aspect, the present invention provides a storage 
system With a plurality of hard disk drives for storing data 
and a means for managing storage areas on the plurality of 
hard disk drives, comprising a plurality of input/output ports 
for Internet Protocol compliant packets, a block data and ?le 
data input/output means, and a ?le system for transforming 
?le data to block data and block data to ?le data. The 
plurality of ports are grouped into a ?rst port group for block 
data input/output and a second port group for ?le data 
input/output. The data input/output through a port of the ?rst 
port group is Written to or read from any area of the storage 
areas through the processing of the block data and ?le data 
input/output means and the means for managing the storage 
areas. The data input/ output through a port of the second port 
group is Written to or read from any area of the storage areas 
through the processing of the block data and ?le data 
input/output means, the ?le system, and the means for 
managing the storage areas. 

In yet another aspect, the present invention provides a 
storage system With a plurality of hard disk drives for storing 
data and a means for managing storage areas on the plurality 
of hard disk drives, comprising a plurality of input/output 
ports for Internet Protocol compliant packets, a block data 
and ?le data input/output means, and a ?le system for 
transforming ?le data to block data and block data to ?le 
data. 

The block data and ?le data input/output means further 
determines Whether the block data or the ?le data has just 
been input or is being output so as to decide Whether to pass 
the data for further processing. The block data is Written to 
or read from any area of the storage areas through the 
processing of the block data, the ?le data input/output 
means, and the means for managing the storage areas. File 
data is Written to or read from any area of the storage areas 
through the processing of the block data, the ?le data 
input/output means, the ?le system, and the means for 
managing the storage areas. 

Other and further objects, features and advantages of the 
invention Will appear more fully from the folloWing descrip 
tion. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

The preferred embodiments of the present invention are 
illustrated in the accompanying draWings, in Which: 

FIG. 1 is a diagram shoWing a storage system of one 
embodiment of the present invention constructed in a logical 
structure; 

FIG. 2 is a diagram representing an environment Where a 
disk array system and a NAS coexists; 

FIG. 3 is a diagram of another environment Where a disk 
array system and a NAS coexists; 

FIG. 4 is a diagram of a storage system of the present 
invention constructed in another logical structure; 

FIG. 5 is a diagram of a storage system of the present 
invention constructed in yet another logical structure; 

FIG. 6 is a diagram of a storage system of the present 
invention constructed in a further logical structure; 

FIG. 7 is a diagram shoWing an actual con?guration of the 
storage system shoWn in FIG. 1; 

FIG. 8 is a diagram shoWing an actual con?guration of the 
storage system shoWn in FIG. 5; 

FIG. 9 is a diagram of a method for backing up of 
?le-basis data from a storage system of the present invention 
to a magnetic tape unit; 

FIG. 10 is a diagram of a method for remotely copying 
?le-basis data betWeen storage systems of the present inven 
tion; 

FIG. 11 is a diagram ofa RAID module shoWn in FIG. 7; 

FIG. 12 is a diagram ofa ?le server shoWn in FIG. 7; and 

FIG. 13 is a diagram shoWing an actual con?guration of 
the storage system shoWn in FIG. 6. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

With reference to the attached draWings, preferred 
embodiments of the present invention are described beloW. 

Embodiment l 

A preferred Embodiment l of the present invention is 
depicted in FIGS. 1, 4, and 7. 
A storage system of Embodiment l operates under the 

assumption that its storage areas are managed in units of 
logical volumes. Other embodiments are also subject to this 
assumption. 

FIG. 1 shoWs the storage system 1 constructed in a logical 
structure. 

The storage system 1 includes four ?ber channel ports 50, 
four Ethernet channel ports 52, a block data input/output 
means 10-11, a ?le data input/output means 10-19, a logical 
volume management means 30, a ?le system 20, and logical 
volumes 35-11 and 35-19. 

Under the control of the logical volume management 
means 30, the logical volumes 35-11 and 35-!) taking the 
physical addresses of a plurality of hard disk drives and the 
logical volume management means 30 manages the storage 
areas on the plurality of hard disk drives. The logical volume 
management means 30 internally maintains a table that maps 
the addresses of the logical volumes to the physical 
addresses on the hard disk drives (“an address translation 
table”, hereinafter) (Which is not shoWn). 
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The logical volumes are divided into tWo groups: logical 
volumes 35-11 for storing block-basis data (hereinafter 
referred to as block data) and logical volumes 35-b for 
storing ?le-basis data (hereinafter “?le data”). 

Instead of the ?ber channel ports 50, other types of ports 
that enable input/output of block data, for example, SCSI 
ports may be used. 

Similarly, instead of the Ethernet ports, other types of 
ports that enable input/output of ?le data may be used. 

FIG. 7 shoWs one example of the basic, actual con?gu 
ration of the storage system in FIG. 1. 

The storage system 1 includes four RAID modules 42, 
each having one ?ber channel port 50, one ?le server 40 With 
four Ethernet ports 52, and a plurality of hard disk drives 44. 

The ?le server 40 and the four RAID modules 42 are 
connected With four ?ber channels 4. 

The number of the components speci?ed above should be 
considered only illustrative rather than restrictive. 

The correspondence betWeen the logical structure shoWn 
in FIG. 7 and the actual con?guration shoWn in FIG. 1 is as 
folloWs. The block data input/output means (10-11) and the 
logical volume management means (30) shoWn in FIG. 1 
substantially correspond to the RAID modules (42) shoWn in 
FIG. 7. The ?le data input/output means (10-b) and ?le 
system (20) shoWn in FIG. 1 substantially correspond to the 
?le server (40) shoWn in FIG. 7. The output of the ?le server 
(40) is connected to the RAID modules (42) With the ?ber 
channels. The logical volumes (35-11 and 35-b) correspond to 
the hard disk drives (44). 
As an example, because of the physical siZe limitation of 

the storage system, the maximum number of ports that the 
storage system 1 has is ?xed to eight. HoWever, the number 
of the ?ber channel ports 50 can be increased by increasing 
the number of the RAID modules 42. 

If the number of the ?ber channel ports is increased, the 
number of the Ethernet ports 52 connected to the ?le server 
must be decreased accordingly so as to maintain the same 
total port number. 

The number of the ?ber channel ports 50 can also be 
increased by increasing the number of the ?ber channel ports 
50 connected to one RAID module 42. 

Conversely, if the number of the Ethernet ports 52 con 
nected to the ?le server 40 is increased, the number of ?ber 
channel ports 50 connected to the RAID modules 42 must be 
decreased accordingly so as to maintain the same port 
number. 

In this Way, the number of the ?ber channel ports 50 and 
the number of the Ethernet ports 52 are set, by a user. 
As is shoWn in FIG. 11, each RAID module 42 includes 

an input/output (I/O) controller 150 Which connects to a 
?ber channel port 50 With a ?ber channel 4 and has the 
terminal of a ?ber channel from the ?le server Which is 
shoWn in FIG. 12, a drive controller 160 Which connects to 
the hard disk drives With a ?ber channel 4, a logical volume 
controller 170, and a data buffer 165. 

The input/output (I/O) controller 150 performs block data 
input/output processing. 

The drive controller 160 Writes/reads block data to/from 
the hard disk drives. 

The data buffer 165 buffers data betWeen the input/ output 
(I/O) controller 150 and the drive controller 160. 
The logical volume controller 170 maintains a logical 

volume inventory table and locates a logical volume includ 
ing any requested block data by referring to this table. The 
logical volume controller 17 also translates the logical 
address of block data into a physical address. 
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6 
As is shoWn in FIG. 12, the ?le server 40 includes an 

input/output (I/O) controller 151 Which connects to the 
Ethernet ports 52 With an Ethernet 5, another input/output 
(I/O) controller 152 Which connects the RAID modules 42 
With ?ber channels 4, a processor 180, and a data buffer 166. 
The input/output (I/O) controller 151 performs ?le data 

input/output processing. 
The input/output (I/O) controller 152 Writes/reads block 

data to/from the RAID modules 42. 
The data buffer 166 buffers data betWeen the input/output 

(I/O) controller 151 and the input/output (I/O) controller 
152. 
The processor 180 operates under the control of NFS 

(NetWork File System) operating as the ?le system under 
UNIX (a registered trademark of the UNIX System labora 
tories), i.e. operating as an operating system. 

This ?le system translates ?le data transferred from a host 
server that accessed the ?le server into a block data format. 
The above OS and ?le system are not limited to the UNIX 

and the NFS, respectively. Other OSs and ?le systems may 
be used, provided that they receive ?le I/O request (input/ 
output request for ?le-basis data) from the host server, 
convert it to block I/O request (input/output request for 
block-basis data), and gain access to the RAID modules 42. 

The logical volumes 35-11 for block data and the logical 
volumes 35-b for ?le data are allocated by recording their 
locations in the logical volume inventory table that retains 
the logical volume locations de?ned in the storage system 1 
by a service processor (hereinafter “SVP”). The SVP alloWs 
the user to set or manage any available logical volumes in 
the storage system 1. 

For example, a notebook-siZe personal computer con 
nected to the storage system via a LAN can be used as the 
SVP. 
The SVP obtains access to the logical volume controller 

170 shoWn in FIG. 11. 
When the storage system 1 is initialiZed, all logical 

volumes are allocated by setting a required number of 
logical volumes for block data such that the remaining 
logical volumes Will be assigned for ?le data. 

After the storage system 1 is put into service, if, for 
example, the logical volumes 35-11 for block data become 
While there are free space in logical volumes 35-b for ?le 
data, the volume allocations de?ned in the logical volume 
inventory table can be altered automatically or manually 
from the SVP such that some logical volumes 35-b for ?le 
data that are available are reassigned for block data as many 
as required. 

Conversely, if the logical volumes for ?le data become 
full, the logical volume allocations, of course, can be altered 
accordingly by altering the allocations de?ned in the logical 
volume inventory table. 
HoW the functional components of the storage system 

Write and read block data and ?le data is explained beloW. 
When block data is to be Written, the block data is input 

to the storage system through a ?ber channel port 50. 
Then, the block data input/output means 10-11 processes 

the block data according to the protocol required by the ?ber 
channels and converts its data format into a data format that 
is internally applied in the storage system 1. 
The logical volume management means 30 derives the 

address of a logical volume 35-11 to Write the block data from 
the address transmitted With the data. 

Then, the block data is Written to the physical address on 
the drive speci?ed by the address translation table Within the 
logical volume management means 30. 
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When block data is to be read, the logical volume man 
agement means 30 derives the address of a logical volume 
35-11 to read the block data from the address of the block data 
speci?ed in the read request transmitted from the host 
computer. 

Then, the data is read from the physical address on the 
drive speci?ed by the address translation table Within the 
logical volume management means 30. The block data 
input/output means 10-11 converts its data format that is 
internally applied in the storage system 1 to the data format 
for ?ber channels. After performing the processing for 
reading block data according to the protocol required by the 
?ber channels, the block data input/output means 10-11 
outputs the block data through a ?ber channel port 50. 
When ?le data is to be Written, the ?le data is input to the 

storage system through an Ethernet port 52. 
Then, the ?le data input/output means 10-b the ?le data 

according to the required Internet Protocol, and converts its 
data format to the data format for the ?le system 20. 

The ?le system 20 derives the address of a logical volume 
35-b to store the data, from the ?le data and transforms the 
?le data into block data. 

Then, the data is Written to the physical address on the 
drive speci?ed by the address translation table Within the 
logical volume management means 30. 
When ?le data is to be read, the ?le system 20 derives the 

address of a logical volume 35-b from the ?le data speci?ed 
in the read request transmitted from the host computer. 

Then, the block data corresponding to the ?le data is read 
from the physical address on the drive speci?ed by the 
address translation table Within the logical volume manage 
ment means 30. The ?le system 20 transforms the block data 
into ?le data by the ?le data input/output means 10-b so as 
to convert its data format for the ?le system 20 to the data 
format for Internet Protocol and outputs the ?le data through 
an Ethernet port 52. 

According to Embodiment 1, both functions of the disk 
array system 6 and the NAS 7, shoWn in FIG. 2, are made 
coexisting in a single storage system Wherein the hard disk 
drives are shared to store block data and ?le data. Thus, the 
total capacity of the hard disk drives is used effectively. 
Accordingly, the system management is simpli?ed. Conse 
quently, the TCO of the storage system is reduced. 

In Embodiment l, the preferred embodiment, logical 
volume allocation is performed in such a manner as repre 
sented in FIG. 4. 

In this manner, the logical volumes are divided into three 
types: logical volumes 35-11 for storing block data, logical 
volumes 35-b for storing ?le data 35-b, and logical volumes 
35-c not assigned as either type. 

Allocating the logical volumes is carried out in the same 
Way as described With FIG. 1, i.e., in the logical volume 
inventory table Within the logical volume management 
means 30, and volume allocations are set or changed by the 
SVP. 

When the storage system 1 operates, if, for example, the 
logical volumes 35-11 for block data become full, the volume 
allocations de?ned in the logical volume inventory table is 
altered by the SVP such that some logical volumes 35-c are 
allocated for block data as many as required. 

Similar reallocation is possible if the logical volumes for 
?le data 35-b become full. 

The volume allocations de?ned in the logical volume 
inventory table are altered by the SVP such that some logical 
volumes 35-11 or 35-b that become available are reallocated 
as logical volumes 35-c. 
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According to the allocation manner represented in FIG. 4, 

neW logical volumes can be added if both the logical 
volumes 35-11 for block data and the logical volumes 35-b 
for ?le data become full of data. 

Embodiment 2 

A preferred Embodiment 2 of the present invention is 
depicted in FIGS. 5 and 8. 
A storage system of Embodiment 2 also operates under 

the assumption that its storage areas are managed in units of 
logical volumes. Other embodiments are also subject to this 
assumption. 

FIG. 5 shoWs the storage system 1 constructed according 
to another logical structure. 
The logical structure of the storage system 1 shoWn in 

FIG. 5 is the same as the one of Embodiment 1 shown in 
FIG. 1 except that the block data input/output means 10-11 
and ?le the data input/output means 10-b are integrated into 
a single block data and ?le data input/output means, and the 
system has four Ethernet ports 54-11 for block data and four 
Ethernet ports 54-b for ?le data. 

Instead of the Ethernet ports, other types of ports that 
enable input/output of Internet Protocol compliant packets 
may be used. 

FIG. 8 shoWs one example of the basic, actual con?gu 
ration of the storage system of logical structure shoWn in 
FIG. 5. 
The storage system 1 includes four RAID modules 43, 

each having one Ethernet port 54-11, one ?le server 40 With 
four Ethernet ports 54-b, and a plurality of hard disk drives 
44. 
The ?le server 40 and the four RAID modules 43 are 

connected With four Ethernet lines 5. 
The number of the components speci?ed above should be 

considered only illustrative rather than restrictive. As an 
example, because of the physical siZe limitation of the 
storage system, the maximum number of ports that the 
storage system 1 is ?xed to eight. HoWever, the number of 
the Ethernet ports 54-11 can be increased by increasing the 
number of the RAID modules 43. 

If the number of the Ethernet ports 54-11 is increased, the 
number of the Ethernet ports 54-b connected to the ?le 
server must be decreased accordingly so as to maintain the 
same total port number. 
The number of the Ethernet ports 54-11 can also be 

increased by increasing the number of the Ethernet ports 
54-11 connected to one RAID module 43. 

Conversely, if the number of the Ethernet ports 54-b 
connected to the ?le server 40 is increased, the number of the 
Ethernet ports 54-11 connected to the RAID modules 43 must 
be decreased accordingly so as to maintain the same total 
port number. 

In this Way, the number of the Ethernet ports 54-11 and the 
number of the Ethernet ports 54-b are set, by a user. 
The con?guration of each RAID module 43 is the same as 

that of each RAID module 42 shoWn in FIG. 11 except that 
an Ethernet 5 replaces the ?ber channel 4, Which terminates 
at the input/output controller 150. To the input/output con 
troller 150, block data from an Ethernet port 54-11 is input 
Which is obtained after the ?le server 40 transforms ?le data 
from an Ethernet port 54-b into block data. 
A function of processing Internet Protocol compliant 

packets is added to the input/output controller 150. 
The input/output controller 150 performs the folloWing. It 

transforms Internet Protocol compliant packets into packets 
compliant to a SCSI protocol, such as iSCSI, i.e., it trans 
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forms block data encapsulated in the SCSI protocol com 
pliant packets into an Internet Protocol compliant packets. It 
also encapsulates Internet Protocol compliant packets into 
SCSI protocol compliant packets. 

Moreover, the input/ output controller inputs/outputs 
block data in the SCSI protocol compliant packets. 

Other components of the RAID module function in the 
same Way as in the RAID module 42 of Embodiment l. 

The con?guration of the ?le server 40 is the same as that 
shoWn in FIG. 12. 

Logical volumes are allocated in the same manner as 
described in Embodiment 1. 

How the functional components of the storage system 
Writes and reads block data and ?le data is explained beloW. 
When block data is to be Written, the block data is input 

to the storage system through an Ethernet port 54-11. 
Then, the block data and ?le data input/output means 11 

processes for the block data according to the Internet Pro 
tocol, extracts SCSI protocol compliant packets from the 
Internet Protocol compliant packets, and extracts block data 
from the SCSI protocol compliant packets and converts its 
data format to the data format that is internally applied in the 
storage system 1. 

Further processing is the same as described in Embodi 
ment 1. 

When block data is to be read, the block data and ?le data 
input/output means 11 processes the block data as according 
to the Internet Protocol, extracts SCSI protocol compliant 
packets from the Internet Protocol compliant packets, and 
derives the address of block data so as to read the data 
accordingly. 

The address of a logical volume 35-11 from Which to read 
the block data is obtained from the address of the block data. 

Then, the data is read from the physical address on the 
drive speci?ed by the address translation table Within the 
logical volume management means 30. The block data and 
?le data input/output means 11 converts the data format that 
is internally applied in the storage system 1 to the data 
format for the SCSI protocol, transforms the SCSI protocol 
compliant packets containing the read data into Internet 
Protocol compliant packets, and outputs the IP packets 
through an Ethernet port 54-11. 

When ?le data is to be Written, the ?le data is input to the 
storage system through an Ethernet port 54-b. 

Then, the block data and ?le data input/output means 11 
processes the ?le data according to the Internet Protocol and 
converts its data format to the data format for the ?le system 
20. 

Further processing is the same as described in Embodi 
ment 1. 

When ?le data is to be read, the ?le system performs the 
same processing as described in Embodiment 1 except that 
the ?le data input/output means 10-!) rather than the block 
data and ?le data input/output means 11, carries out the 
output and related processing. 

According to Embodiment 2, both functions of the disk 
array system 6 and the NAS 7, shoWn in FIG. 2, are made 
coexisting in a single storage system Wherein the hard disk 
drives are shared to store block data and ?le data. Thus, the 
total capacity of the hard disk drives is used effectively. 
Accordingly, the system management is simpli?ed. Conse 
quently, the TCO of the storage system is reduced. 

In Embodiment 2, similarly, logical volume allocation 
represented in FIG. 4 can be performed. 
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Embodiment 3 

Another preferred Embodiment 3 of the present invention 
is depicted in FIGS. 6 and 13. 
A storage system of Embodiment 3 also operates under 

the assumption that its storage areas are managed in units of 
logical volumes. Other embodiments are also subject to this 
assumption. 

FIG. 6 shoWs the storage system 1 constructed in yet 
another logical structure. 
The logical structure of the storage system 1 shoWn in 

FIG. 6 is the same as the one of Embodiment 2 shoWn in 
FIG. 5 except that the system has four Ethernet ports 56 
Which are common for block data and ?le data. 

Instead of the Ethernet ports, other types of ports that 
enable input/output of Internet Protocol compliant packets 
may be used. 

FIG. 13 shoWs one example of the basic, actual con?gu 
ration of the storage system of logical structure shoWn in 
FIG. 6. 
The storage system 1 includes one IP (Internet Protocol) 

sWitch 46 With four Ethernet ports 56 Which are common for 
block data and ?le data, four RAID modules 43, one ?le 
server 40, and a plurality of hard disk drives 44. 
The IP sWitch 46 and the four RAID modules 43 are 

connected With four Ethernet lines 5. 
The ?le server 40 and the four RAID modules 43 are 

connected With four Ethernet lines 5. 
The IP sWitch 46 and the ?le server 40 are connected With 

tWo Ethernet lines 5. 
The IP sWitch 46 determine Which of block data or ?le 

data has just been input through an Ethernet port 56 so as to 
deliver the block data to one of the RAID modules 43 or the 
?le data to the ?le server 40. The ?le server 40 transforms 
?le data to block data and delivers the block data to one of 
the RAID modules 43. 
The number of the components speci?ed above should be 

considered only illustrative rather than restrictive. The con 
?guration and function of each RAID module 43 are the 
same as those of the RAID module 43 described in Embodi 
ment 2. 
The con?guration of the ?le server 40 is the same as that 

shoWn in FIG. 12. 
Logical volumes are allocated in the same manner as 

described in Embodiment 1. 
How the functional components of the storage system 

Writes and reads block data and ?le data is explained beloW. 
In Embodiment 3, both block data and ?le data are input 

to the storage system through one of the common Ethernet 
ports 56. 
The block data and ?le data input/ output means processes 

the input data packets according to the Internet Protocol 
required and determines Whether the packets contain block 
data or ?le data based upon the port number speci?ed in the 
TOP packets encapsulated in the Internet Protocol compliant 
packets. 

Further processing of either block data or ?le data is 
carried out in the same Way as described in Embodiment 2. 

According to Embodiment 3, both functions of the disk 
array system 6 and the NAS 7, shoWn in FIG. 2, are made 
coexisting in a single storage system Wherein the hard disk 
drives are shared to store block data and ?le data. Thus, the 
total capacity of the hard disk drives is used effectively. 
Accordingly, the system management is simpli?ed. 

Consequently, the TCO of the storage system is reduced. 
In Embodiment 3, similarly, logical volume allocation 

represented in FIG. 4 can be performed. 
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Embodiment 4 

FIG. 9 is provided to explain a method for high-speed 
backing up ?le data according to the present invention. 

The storage system of Embodiment 4, also operates under 
the assumption that its storage areas are managed in units of 
logical volumes. Other embodiments are also subject to this 
assumption. 

FIG. 9 illustrates a method for backing up ?le data stored 
in the storage system 1 in FIG. 1 to a magnetic tape unit 60 
via a ?ber channel based a Storage Area Network (EC-SAN) 
2. 

The magnetic tape unit 60 has an interface for ?ber 
channel 4, and Writes/reads block data. 

The host server 1 has interfaces for both ?ber channel 4 
and Ethernet 5. 

The host server 1 issues to the storage system 1 a backup 
request in Which a directory under Which the object ?le data 
exists is speci?ed. The backup request is transmitted across 
the LAN 3 and received at an Ethernet port 52 of the storage 
system 1. 
Upon receiving the backup request, the ?le system 20 

derives form a logical volume to read backup data from the 
directory information for a to-be-backed-up ?le. The ?le 
system 20 informs the logical volume management means 
30 of that logic volume from Which backup data should be 
read and issues a request to back up the data as block data. 
Upon receiving this request, the logical volume manage 

ment means 30 reads the data from the physical address on 
the drive mapped to that logical volume as speci?ed in the 
address translation table. 

The read data is transferred to the block data input/ output 
means 10-a Where its data format that is internally applied 
in the storage system 1 is converted to the data format for 
?ber channel. After processed according to the protocol for 
?ber channels, the data is output through a ?ber channel port 
50 and transmitted across the ?ber channel based the Storage 
Area NetWork (EC-SAN) 2 to the magnetic tape unit 60 
Where the data is recorded. 

The feature of Embodiment 4 is that the ?le data is backed 
up after passing through the data path 101 marked in FIG. 
9 Without any intervention of the ?le system 20 as in the 
prior art. 

Because magnetic tape units generally read and Write 
block data only, When ?le data is backed up, the intervention 
of a server With a ?le system is required to transform ?le data 
into block data so as to send the block data to a magnetic 
tape unit for backing up. 

In particular, in FIG. 9, ?le data is backed up in such a 
manner that the host server receives the to -be-backed-up ?le 
data read from the storage system 1 through the LAN 3, 
transforms the ?le data to block data, and transmits the block 
data across the FC-SAN 60 to the magnetic tape unit 60 
Where the data is backed up. 

According to Embodiment 4, ?le data is directly backed 
up to the magnetic tape unit Without the intervention of the 
server such that high-speed backing up of ?le data is 
performed. 

Even if the magnetic tape unit has a ?le system so as to 
back up ?le data, the ?le data is still backed up to the 
magnetic tape unit Without the intervention of the ?le 
system, according to Embodiment 4. Thus, the processing 
overhead of the ?le system is reduced, and high-speed 
backing up of ?le data is performed. 

The invention in Embodiment 4 can also be carried out by 
the storage system 1 con?gured as in Embodiments 2 and 3 
and the same effect is obtained as described. 
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Embodiment 5 

FIG. 10 is provided to explain a method for high-speed 
remotely copying ?le data according to the present inven 
tion. 

The storage system of Embodiment 5 also operates under 
the assumption that its storage areas are managed in units of 
logical volumes. Other embodiments are also subject to this 
assumption. 

FIG. 10 represents a method for remotely copying ?le 
data betWeen tWo units of the storage system 1 in FIG. 5 

(Embodiment 2). 
Remote copying is a data duplicating technique by copy 

ing the data stored in one disk array system at one site to 
another disk array system at a geographically distant site. 
The remote copying technique enables the folloWing. If 

the disk array system at one site fails due to an accident or 
any natural disaster, the duplicated data in the disk array 
system at the other site can be used to continue the operation 
With the same data in the failed system. The data and system 
availability is ensured. 

Refer to FIG. 10. Storage systems 1-1 and 1-2 are the 
same as the storage system shoWn in FIG. 5 (Embodiment 
2). 
The storage systems 1-1 and 1-2 are located in respective 

data centers that are geographically distant from each other. 
One storage system 1-1 is connected to an Ethernet-based 
SAN 9-1, and the other storage system 1-2 is connected to 
another Ethernet-based SAN 9-2. 
The Ethernet-based SANs 9-1 and 9-2 are connected by 

the Internet 8. 
Embodiment 5 is based on the conventional remote copy 

ing technique, and the relevant control method betWeen the 
storage systems 1-1 and 1-2 is generally the same as in the 
conventional one. HoWever, the folloWing explanation of 
Embodiment 5 focuses on its essential parts of processing 
105 Wherein novelty lies and a data path 106 formed Within 
and betWeen the storage systems during remote copying. 

File data is remotely copied from the storage system 1-1 
to the storage system 1-2 in the procedure is described 
beloW. 

The host server 1-1 issues a request for remote copying in 
Which a directory under Which the to-be-remotely-copied 
?le data exists is speci?ed to the storage system 1-1. The 
storage system 1-1 receives the request at its Ethernet port 
54-!) for ?le data. 
Upon receiving the request, the ?le system 20-1 derives a 

logical volume to be remotely copied from the directory 
information. The ?le system 20-1 informs the ?le system 
20-2 of the storage system 1-2 that the remote copy data in 
the object logical volume is transmitted from an Ethernet 
port 54-11 for block data (Without the intervention of the ?le 
system). This information is transmitted from an Ethernet 
port 54-!) of the storage system 1-1 to an Ethernet port 54-!) 
of the destination storage system 1-2 by means of IP 
(lntemet Protocol) communication (as indicated by an arroW 
105 in FIG. 10). 
When the storage system 1-2 receives the above infor 

mation, its ?le system 20-2 informs the logical volume 
management means 30-2 that ?le data Will be input through 
an Ethernet port 54-11 for block data Without the intervention 
of the ?le system and Which logical volume to process. At 
the same time, the ?le system 20-2 acknoWledges the receipt 
of that information from the ?le system 20-1 by returning an 
acknoWledgment (ACK) message to the ?le system 20-1. 
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Upon receiving the ACK message, the ?le system 20-1 
informs the logical volume management means 30-1 of the 
volume to be remotely copied. 

The above request for remote copying is request for 
copying all ?le data in the logic volume from the storage 
system 1-1 to the storage system 1-2. In addition, if the ?le 
data in the logic volume existing in the storage system 1-1 
has been updated after being copied, the request includes 
requesting the storage system 1-2 to update the updated ?le 
data. These tWo cases are explained beloW. 

The logical volume management means 30-1 reads the 
to-be-remotely-copied logic volume from the hard disk 
drive, and transfers the read data into block data to the ?le 
data input/output means 11-1. The block data and ?le data 
input/output means 11-1 converts its data format that is 
internally applied in the storage system 1 to the data format 
for the SCSI protocol, transforms the SCSI protocol com 
pliant packets containing the volume data into Internet 
Protocol compliant packets, and transmits the IP packets 
from an Ethernet port 54-11 across the Ethemet-based SANs 
9 to the storage system 1-2. 
Upon receiving the remote copy data, the logical volume 

management means 30-2 identi?es the logical volume 
Whose remote copy of ?le data it received by the logical 
volume address transmitted With the data, and Writes the 
copy data into the logic volume (as indicated by an arroW 
106 in FIG. 10). 

If data existing Within the copied volume in the storage 
system 11-1 is updated, the updated data is read from the 
hard disk drive and transferred into the block data to the ?le 
data input/output means 11-1. The block data and ?le data 
input/output means 11-1 converts its data format that is 
internally applied in the storage system 1 to the data format 
for the SCSI protocol, transforms the SCSI protocol com 
pliant packets containing the read data into Internet Protocol 
compliant packets, and transmits the IP packets from an 
Ethernet port 54-11 across the Ethemet-based SANs 9 to the 
storage system 1-2. 
Upon receiving the remote copy data, the logical volume 

management means 30-2 identi?es the logical volume 
Whose remote copy of ?le data it received by the logical 
volume address transmitted With the data, and updates the 
corresponding data Within the logic volume (as indicated by 
the arroW 106 in FIG. 10). 

According to Embodiment 5, ?le data is remotely copied 
betWeen the storage systems Without the intervention of the 
?le systems such that the processing overhead of the ?le 
systems is reduced, and high-speed remote copying of ?le 
data is performed. 

The invention in Embodiment 5 can also be carried out 
With the storage systems 1 con?gured as in Embodiments l 
and 3 and the same effect is obtained as described. 

According to the present invention, the total capacity of 
hard disk drives can be used effectively and the management 
thereof is simpli?ed in environment Where a storage system 
for storing block-basis data (ex., a disk array system) 
coexists With a storage system for storing ?le-basis data (ex., 
a NAS). 

Furthermore, the invention provides storage systems for 
backing up and copying ?le-basis data at high speed. 

The present invention may be embodied in other speci?c 
forms Without departing from the spirit or essential charac 
teristics thereof. The described embodiments are to be 
considered in all respects only as illustrated and not restric 
tive. Variations and changes may be made by one skilled in 
the art Without departing from the spirit of the present 
invention. Accordingly, it is expressly intended that all such 
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14 
variations or changes Which fall Within the spirit and scope 
of the present invention as de?ned in the claims, be 
embraced thereby. 
What is claimed is: 
1. A storage system to be coupled to an IP netWork, said 

storage system comprising: 
a physical input/output port to be coupled to the IP 

netWork; 
a control unit coupled to the physical input/output port; 

and 
a plurality of disk drives coupled to the control unit, 
the physical input/output port being accessible by a block 

I/O request having a ?rst port number via the IP 
netWork and a ?le I/O request having a second port 
number via the IP netWork, 

Wherein the plurality of disk drives are con?gured into a 
plurality of volumes, of Which a ?rst volume is 
assigned to store data related to the block I/O request 
and a second volume is assigned to store data related to 
the ?le I/O request, 

When an I/O request received at the control unit via the 
physical input/output port is the block I/O request 
including the ?rst port number, the control unit per 
forms a ?rst operation, corresponding to the ?rst port 
number, for storing data in the ?rst volume, and 

When an I/O request received at the control unit via the 
physical input/output port is the ?le I/O request includ 
ing the second port number, the control unit performs 
a second operation, corresponding to the second port 
number, for storing data in the second volume. 

2. A storage system according to claim 1, 
Wherein the block I/O request has an IP packet that 

includes the ?rst port 
number and ?rst information including an address in the 

?rst volume. 
3. A storage system according to claim 1, 
Wherein the ?le I/O request has an IP packet that includes 

the second port number and second information includ 
ing ?le data. 

4. A storage system according to claim 1, 
Wherein the block I/O request has a TCP packet in Which 

the ?rst port number is included. 
5. A storage system according to claim 2, 
Wherein the IP packet encapsulates a TCP packet in Which 

the ?rst port number is included. 
6. A storage system according to claim 1, 
Wherein the ?rst volume and the second volume are 

concurrently assigned. 
7. A storage system according to claim 1, 
Wherein the control unit maps relationships betWeen logi 

cal addresses of the volumes and physical addresses of 
the disk drives to Which data is to be stored. 

8. A storage system coupled to an IP netWork, the storage 
system comprising: 

a physical port coupled to the IP netWork; 
a control unit coupled to the physical port; and 
a plurality of disk drives coupled to the control unit, 
the physical port being accessible by a block I/O request 

having a ?rst port number and ?rst information from a 
?rst processor via the IP netWork and a ?le I/O request 
having a second port number and second information 
from a second processor via the IP netWork, 

Wherein the plurality of disk drives are con?gured into a 
plurality of volumes, of Which a ?rst volume is 
assigned to store data related to the block I/O request 
and a second volume is assigned to store data related to 
the ?le I/O request 
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When an I/O request including the ?rst port number is 
received from the ?rst processor at the control unit via 
the physical port, the control unit performs a ?rst 
operation, corresponding to the ?rst port number, for 
storing data in the ?rst volume, and 

When an I/O request including the second port number is 
received from the second processor at the control unit 
via the physical port, the control unit performs a second 
operation, corresponding the second port number, for 
storing data in the second volume. 

9. A storage system according to claim 8, 
Wherein the block I/O request has an IP packet that 

includes the ?rst port number and the ?rst information 
including an address in the ?rst volume. 

10. A storage system according to claim 8, 
Wherein the ?le I/O request has an IP packet that includes 

the second port number and the second information 
including ?le data. 

11. A storage system according to claim 8, 
Wherein the block I/O request has a TOP packet in Which 

the ?rst port number is included. 
12. A storage system according to claim 9, 
Wherein the IP packet encapsulates a TCP packet in Which 

the ?rst port number is included. 
13. A storage system according to claim 8, 
Wherein the ?rst volume and the second volume are 

concurrently assigned. 
14. A storage system according to claim 8, 
Wherein the control unit maps relationships betWeen logi 

cal addresses of the volumes and physical location of 
the disk drives to Which data is to be stored. 

15. A storage system to be coupled to an IP netWork, said 
storage system comprising: 

a physical port to be coupled to the IP network; 
a control unit coupled to the physical port; and 
a plurality of disk drives coupled to the control unit; 
Wherein the physical port is accessible by a ?rst IP packet 

having a ?rst port number via the IP netWork and a 
second IP packet having a second port number via the 
IP netWork, 

Wherein the plurality of disk drives are con?gured into a 
plurality of volumes, of Which a ?rst volume is 
assigned to store data related to the ?rst IP packet and 
a second volume is assigned to store data related to the 
second IP packet, 

When the ?rst IP packet is received at the control unit via 
the physical port, the control unit performs a ?rst 
operation, corresponding to the ?rst port number, for 
storing block data in the ?rst volume, and 

When the second IP packet is received at the control unit 
via the physical port, the control unit performs a second 
operation, corresponding to the second port number, for 
storing ?le data in the second volume. 

16. A storage system according to claim 15, 
Wherein the ?rst IP packet has a TCP packet in Which the 

?rst port number is included. 
17. A storage system according to claim 15, 
Wherein the second IP packet has a TCP packet in Which 

the second port number is included. 
18. A storage system according to claim 15, 
Wherein the control unit transforms the ?le data into block 

data for storing in the second volume. 
19. A storage system according to claim 1, 
Wherein a format of the ?le I/O request is on the basis of 
NFS protocol, and the second operation is performed 
on the basis of the NFS protocol. 
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20. A storage system according to claim 1, 
Wherein a format of the block I/O request is on the basis 

of SCSI protocol, and the ?rst operation is performed 
on the basis of the SCSI protocol. 

21. A storage system according to claim 8, 
Wherein a format of the ?le I/O request is on the basis of 
NFS protocol, and the second operation is performed 
on the basis of the NFS protocol. 

22. A storage system according to claim 8, 
Wherein a format of the block I/O request is on the basis 

of SCSI protocol, and the ?rst operation is performed 
on the basis of the SCSI protocol. 

23. A storage system according to claim 15, 
Wherein a format of the ?le data is on the basis of NFS 

protocol, and the second operation is performed on the 
basis of the NFS protocol. 

24. A storage system according to claim 15, 
Wherein a format of the block data is on the basis of SCSI 

protocol, and the ?rst operation is performed on the 
basis of the SCSI protocol. 

25. A storage system to be coupled to an IP netWork, said 
storage system comprising: 

a physical input/output port to be coupled to the P 
netWork; 

a control unit coupled to the physical input/output port; 
and 

a plurality of disk drives coupled to the control unit, 
the physical input/output port being accessible by a block 

I/O request having a ?rst port number via the IP 
netWork and a ?le I/O request having a second port 
number via the IP netWork, 

Wherein the plurality of disk drives are con?gured into a 
plurality of volumes, of Which a ?rst volume is 
assigned to store data related to the block I/O request 
and a second volume is assigned to store data related to 
the ?le I/O request, 

When an I/O request received at the control unit via the 
physical input/output port is the block I/O request 
including the ?rst port number, the control unit per 
forms a ?rst operation, corresponding to the ?rst port 
number, for storing data in the ?rst volume, 

When an I/O request received at the control unit via the 
physical input/output port is the ?le I/O request includ 
ing the second port number, the control unit performs 
a second operation, corresponding to the second port 
number, for storing data in the second volume, and 

Wherein said block I/O request is based upon a SCSI 
standard. 

26. A storage system according to claim 25, 
Wherein the block I/O request has an IP packet that 

includes the ?rst port number and ?rst information 
including an address in the ?rst volume. 

27. A storage system according to claim 25, 
Wherein the ?le I/O request has an IP packet that includes 

the second port number and second information includ 
ing ?le data. 

28. A storage system according to claim 25, 
Wherein the block I/O request has a TCP packet in Which 

the ?rst port number is included. 
29. A storage system according to claim 26, 
Wherein the IP packet encapsulates a TCP packet in Which 

the ?rst port number is included. 
30. A storage system according to claim 25, 
Wherein the ?rst volume and the second volume are 

concurrently assigned. 




